Abstract As a secondary analysis of SITES 2006, this paper aims to explore the school leadership factors that potentially affect teachers' pedagogical orientations. The exploration is guided by four questions: (1) How do we describe school leadership factors? (2) What are the principals' perceptions about pedagogy and ICT use? (3) What are the teachers' perceptions about pedagogical orientations? and (4) How does the school leadership associate with teachers' pedagogical orientations? Eight school leadership constructs were identified, which cover four areas: learning goals, priority for resource allocation, types of assessment, and priority of competencies for school leadership to acquire. The findings also indicate a gap between principals' and teachers' perceptions on pedagogy and ICT use in Hong Kong.
findings of the SITES projects, a secondary analysis of the SITES 2006 data was conducted. The secondary analysis takes a comparative perspective and attempts to understand the school leadership factors that potentially affect teachers' pedagogical orientations, and how the teacher-level and school-level factors are associated. The exploration is guided by four questions: (1) How do we describe school leadership factors? (2) What are the principals' perceptions about pedagogy and ICT use? (3) What are the teachers' perceptions about pedagogical orientations? and (4) How does the school leadership associate with teachers' pedagogical orientations? The second and third questions are focused on Hong Kong in contrast with Slovenia and Finland.
Theoretical framework
How does ICT integration occur within schools? A list of factors that can potentially affect the use of ICT in schools has been suggested, such as organizational factors, support factors and environmental factors (Sumner and Hostetler 1999) . In particular, teachers' and principals' perceptions are highlighted in the literature of school ICT integration (Yuen and Ma 2002; Coffland and Strickland 2004; McGrail 2005; Levin and Wadmany 2008) . Recently, it is argued that the right combination of vision, compromise, and commitment of administrators and teachers is crucial in making fundamental and sustainable change possible (Leskes et al. 2003) .
If ICT is to be integrated into the school curriculum, the meaning of educational leadership and the role of the school principals within a technological change must be redefined (Bennett 1996) . Kearsley and Lynch (1992) believe that a cultural view of leadership is most useful in understanding ICT integration in education, in which leaders are expected to shape the culture of individual school by creating new visions that organizational members can believe and act upon. Then, what considerations must be made to effectively plan and implement ICT integration in schools? Bennett (1996) argues that both cultural as well as physical environment within a school are important factors to be considered in ICT integration. Flanagan and Jacobsen (2003) suggest a contextual framework with which school principals can undertake new responsibilities and roles as technology leader, including leader of learning, leader of student entitlement, leader of capacity building, leader of community, and leader of resource management. Yuen et al. (2003) reported the findings of an analysis on models of change amongst 18 schools in their efforts to integrate ICT in school curricula. It shows that the strategy adopted by a school in instituting such change and the resulting variation of pedagogical practices using ICT is strongly dependent on the school leaders' vision and understanding of the role and impact of ICT in the curriculum, their goals and objectives for ICT integration, as well as the history, culture and background of the school and its general vision and mission. Yet teachers tend to look at ICT and its role in pedagogical practices from the perspective of a practitioner and realist with an understanding of their own limitations and constraints in schools (McGrail 2005) . It seems clear that teachers and principals often hold distinct views on the pedagogical use of ICT (Coffland and Strickland 2004) ; however, little empirical evidence has been offered to account for such issues of differences. The present study attempts to provide an empirical exploration of the relations between school leadership and teachers' pedagogical orientations in ICT use.
Based on the analysis of the SITES-M2 data, Owston (2003) proposes a tentative model for sustainability of classroom innovation, which emerged in two sets of conditions: (1) five essential conditions including teacher support, teacher professional development, student support, perceived value of innovation, and administrative support, and (2) five contribution conditions including innovative champions, supportive plans and policies, funding, support from outside school, and support within school. Essential conditions are conditions were found necessary but not sufficient for innovations to be sustained, whereas contribution conditions are conditions were found facilitated the sustainability of innovations. Zhao and Frank (2003) propose an ecological metaphor to integrate and organize a set of factors that affect implementation of technology uses in schools, in which they suggest that "innovations cannot be implemented without regard to the internal social structures of schools or other pressures that schools face" (p. 833). Both "model for sustainability" and "ecological system" indicate a systems approach is needed to the understanding of internal as well as contextual factors in the implementation of educational innovation in schools. Likewise, the present study takes a systemic perspective, in which two major components of a school system, i.e. principals and teachers, are investigated to explore the interactions between school leadership and pedagogical orientations.
Research methodology

Participants
Across the 22 participated education systems in SITES 2006, data collected from 12 systems met IEA's minimum participation rate requirement, i.e. at least 70% of the sampled schools in each system need to be participated. They include Catalonia, Chile, Chinese Taipei, Finland, Hong Kong, Israel, Italy, Japan, Ontario Province, Singapore, Slovak Republic, and Slovenia. The data of these 12 systems were used in the analysis to address the first and fourth research question. Of these 12 systems, we are particularly interested in studying the education systems in Hong Kong, Finland, and Slovenia. It is because the SITES 2006 study has identified that there are significant changes in the presence of emerging pedagogy between SITES-M1 and SITES 2006 in some systems, particularly in Hong Kong and Slovenia (Pelgrum 2008) . The presence of emerging pedagogy in Hong Kong was substantially increased since the SITES-M1 study, whilst the presence of that was decreased in Slovenia. Such variations suggested that principals' perception on emerging pedagogy in Hong Kong and Slovenia are changing in two different directions. Finland is a system having similar indication of emerging pedagogy in SITES-M1 and SITES 2006, indicating that changes of principals' perception on emerging pedagogy is not noticeable. As such, the data analysis of Finland, Hong Kong, and Slovenia would offer a meaningful comparative perspective for the exploration of the second and third research question. The sample size of the study in Hong Kong, Finland, and Slovenia are summarized as follows (Table 1) .
Data collected in each system were hierarchically structured. Specifically, schools were randomly sampled from each of the participating systems, and principals and technology coordinators in each system were invited to complete the principal and technical questionnaire respectively. Two to four mathematics and/or science teachers teaching at the target grade (Grade 8) were also selected respectively from each of the sampled schools. As such, the collected data were hierarchical structured in a way that teacher data nested within schools and school data nested within education systems.
Teacher-level constructs
A number of teacher-level constructs were derived by Law and Chow (2008) based on the findings from the teacher questionnaire. Amongst these constructs, 12 of them related to two aspects were selected in the present analysis (see Table 2 ), namely teacher-practice (TP) pedagogical orientation and student-practice (SP) pedagogical orientation. Constructs related to the TP pedagogical orientation were derived from teacher responses to the questions "How often do you conduct the following activities?" and "Do you use ICT for these activities?", whereas that related to the SP pedagogical orientation were derived from teacher responses to the questions "How often do your students engage in the following activities?" and "Do your students use ICT for these activities?" (IEA 2008).
Data analysis strategy
Different statistical analyses were employed to address the identified research questions. Initially, an exploratory factor analysis (EFA) method was employed to derive the school leadership factors from the principal questionnaire. Subsequently, analysis of variance (ANOVA) was used to compare principals' perceptions about pedagogy and ICT use and teachers' perceptions about pedagogical orientation in Hong Kong, Finland, and Slovenia. Finally, a hierarchical linear modeling approach was employed to study the interactions between school leaderships and teachers' pedagogical orientations. The use of hierarchical linear modeling method was considered to be appropriate because it analyses multi-level data simultaneously to avoid possible aggregation and disaggregation biases, and it is capable to model cross-level interactions effect between group-level predictors and individual-level independent variables on outcome variables (Tse et al. 2008; Griffin 2001; Hofmann et al. 2000) . To explore the effects of school leaderships on the 12 teachers' pedagogical orientations, 12 three-level hierarchical linear models were developed by using a software package, HLM (Raudenbush et al. 2004) . The structures of the 12 models were similar despite the variations of the outcome variables (dependent variables). More specifically, there is no level-1 (teacher-level) predictor. The intercept score from Level-1 were used as dependent variables at level-2 (schoollevel), and eight school-level predictors were included in this level. A dummy variable was used at Level-3 (system-level), with the scores of intercept and slope from Level-2 as dependent variables. A significant variance component at level-3 indicates the differences between systems, whereas that at level-2 indicates the differences between schools.
Results
In this section, first of all, the development of school leadership constructs is described. Then, principals' perceptions on pedagogy and ICT use and teachers' pedagogical orientations are presented. Finally, the interactions of school-level and teacher-level are discussed.
Development of school leadership constructs
How do we describe school leadership factors? In this study, EFA was used to examine the factor structure of each of the questions within the principal 
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To answer the question "to what extent do you agree or disagree that the school leadership encourages Mathematics and Science teachers at Grade 8 to achieve the following goals?", principals were asked to response ten items related to various learning goals. All items were measured in a four-point Likert scale, with 1 as "strongly disagree", 2 as "disagree", 3 as "agree", and 4 as "strongly agree". Table 3 summarizes the key findings from the initial run of the EFA and reliability analysis (Cronbach's alpha).
Principals were asked: "What priority level do you give to resource allocation in your school in order to enhance the use of ICT in teaching and learning for the Grade 8 students in your school?" Respondents were requested to indicate the degree of priority giving to eleven items related to various aspects of resource. All items were measured in a four-point Likert scale, with 1 as "not a priority", 2 as "low priority", 3 as "medium priority", and 4 as "high priority". Table 4 illustrates the two factors extracted from the initial run.
Principals were asked: "To what extent do you agree or disagree that the school leadership encourages teachers to use each of the following types of assessment at Grade 8?" In this question, principals responded to eight items related to different types of assessment. All items were measured in a four-point Likert scale, with 1 as "strongly disagree", 2 as "disagree", 3 as "agree", and 4 as "strongly agree". Table 5 illustrates the two factors extracted from an initial run. In responding to the question "how much of a priority is it for your school leadership to acquire competencies in the following areas", principals were asked to give response to ten items related to various competencies. All items were measured in a four-point Likert scale, with 1 as "not considered", 2 as "low priority", 3 as "medium priority", and 4 as "high priority". Table 6 illustrates the constructs extracted from the initial run.
In summary, eight school leadership constructs are identified from the principal questionnaire. These constructs represent principals' perceptions on pedagogy and ICT use in schools, and they are used as indicators to describe school leadership factors.
Principals' perceptions on pedagogy and ICT use
What are the principals' perceptions about pedagogy and ICT use? ANOVA of the 8 school leadership constructs were conducted across the three selected education systems, and findings are presented in Table 7 . Fisher's protected least significant difference (LSD) post hoc test was employed to compare the findings of the three education systems, as such a test is the most powerful post hoc test for three groups (Cardinal and Aitken 2006) . Table 7 shows that the mean scores of SLG_21C in Hong Kong and Slovenia are significantly higher than that in Finland. However, the mean differences between Hong Kong and Slovenia are not significant. Such a finding indicates that changes of the presence of 'a lot' emerging pedagogy in SITES 2006 (Pelgrum 2008 ) is unlikely to have a direct relationship to the school leadership 
School leadership and teacher pedagogical orientations
To address the fourth research question, 12 three-level hierarchical linear models were developed. Such models were developed on the basis of the data collected from the selected 12 systems because the development of a hierarchical linear model requires a large amount of data, where the data collected from Hong Kong, Finland, and Slovenia are too limited. Thus, the results only indicate general associations of school leadership and pedagogical orientations amongst 12 systems than individual education systems. Table 9 shows the outputs of the HLM models. Findings from Models 8, 9, 10 and 12 can be left out as such models are not statistically significant. The first model, Model 1, can be interpreted as: the teacher practice traditionally important orientation can be predicted by two school leadership factors, i.e. ASS_TRAD (β=0.09, p< 0.001) and SLC_STRA (β=0.04, p<0.001). In other words, if school leaderships prefer to employ traditional assessment methods and have a priority to acquire strategic competencies, teachers in the school are more likely to adopt a traditionally important pedagogical orientation in their teaching activities. Likewise, the remaining seven significant models can be interpreted and described in a similar way. There are three interesting findings in comparing the output of the 12 models. Firstly, it was found that SLC_STRA plays an important role in predicting teacherlevel pedagogical orientations. Secondly, in all 12 systems, the created models show that there are significantly differences between schools in all pedagogical orientations. However, with an exception of the teacher practice lifelong learning orientation, variations of the pedagogical orientations across the 12 systems are not statistically significant. Finally, apart from SLC_STRA, also SLG_21C and SLC_VIS play a role in predicting teacher-level pedagogical orientations, indicating the importance of principals' perceptions on 21st century learning goals and visionary competences for school leadership.
Discussion
A basic assumption in this article has been that school leadership and pedagogical use of ICT emerge from a dialectical interaction between them. As a secondary analysis of SITES 2006, the present study takes a comparative perspective and attempts to understand the school leadership factors that potentially affect the teachers' pedagogical orientations, and how the teacher-level and school-level factors are associated. Eight school leadership constructs were identified through exploratory factor analysis, which cover four areas, namely learning goals encouraged by school leadership, priority for resource allocation to enhance ICT use, types of assessment encouraged by school leadership, and priority of competencies for school leadership to acquire. These constructs not only reflect empirical evidence of principals' perceptions on pedagogy and ICT use, but serve as a possible conceptual framework to understand school leadership and pedagogical use of ICT. Based on these constructs, the findings of the present study clearly indicate that the "priority for school leadership to acquire strategic competencies" plays a crucial role in predicting teacher pedagogical orientations, which suggests the importance of strategic competencies in school leadership in relation to teachers' pedagogical orientations.
Most teachers in Hong Kong are keen to equip their students to be able to cope with public examinations and get good results. Their pedagogical approaches tend to be driven by an examination culture and the teaching contents are guided by examination syllabi and textbooks (Yuen 2000) . The findings of this study reveal that Hong Kong principals are mindful of assessment. They encourage teachers to use traditional assessment as well as emerging assessment method. However, associations between teacher-level and school-level constructs in Hong Kong remain unclear. Further empirical studies are desperately needed to improve the understanding of the relations between these two levels.
It is evident that computer access, connectivity, teacher enablement, curriculum resources and technical support in Hong Kong schools have been greatly improved since 1998 (EMB 2004) . Nonetheless, all these enabling factors need to be worked out by teachers and school leadership in collaboration. Both teachers and principals play a key role in determining the success of the ICT integration in schools. Teachers' perspectives on educational change are crucial in translating pedagogical innovations into daily classrooms. However, principals' misunderstanding of teacher perspective is considered a major reason for failure of educational change. Thus, principals should become visionary leaders to foster change in teachers' attitude and performance (McGrail 2005) . It echoes to the aforementioned findings about the importance of "visionary competence for school leadership".
The findings of this study point to a gap of perceptions between teachers and principals in Hong Kong. The divergence between principals' and teachers' perceptions suggests that these two groups of players have different assumptions, priorities, and understanding to pedagogy and ICT use. How can we narrow the divergence of principals' and teachers' views? If we conceptualize the ICT integration in schools as a learning process for teachers and principals, then it becomes clear that we should find ways to develop teachers and principals with shared understanding, deep meaning about pedagogy and ICT use in the context of 21st century education. In order to bridge the gap of perceptions between teachers and principals, the following suggestions are thus discussed.
Firstly, we should focus teacher professional development on helping teachers to develop deeper understanding of the nature of the challenge that the information era is bringing to education, the kind of curricular and pedagogical change that are necessary to face this challenge and the kinds of technologies and uses that would be supportive of such change. Teacher ICT professional development should interweave the notions of information literacy (EDB 2008) and pedagogical use of ICT, so that teachers could facilitate and develop their students to become information literate and function in the new world economy. ICT professional development for teachers should provide the necessary knowledge and competence that will help teachers analyse and reflect on environmental changes and develop appropriate strategies to make continuous improvement and development in their pedagogical practices. Apart from pedagogical integration of ICT, teachers should be aware of various issues arising from ICT leadership and socio-cultural impacts of ICT.
Secondly, being a principal is a complex activity (Wilson and McPake 2000) ; thus, a similar kind of professional development is also much needed for school principals. The goal in enhancing school leadership for knowledge age has been promoted in the second ICT policy document (EMB 2004) in Hong Kong. In order to support schools to implement the kind of education innovation and change required, a new concept of "e-leadership" (Gurr 2004 ) is needed. A multi-level leadership, including system-level, school-level, and teacher-level, is also essential. The government should support schools in the development of curriculum leadership at the school level and collaborate with schools and school organizations to develop effective change strategies. As discussed in the aforementioned section, the ICT in education initiative has been embedded as an integral part of the wider education reform, then the ICT implementation in schools should be conducted through coordinated leadership and that the government should play an important role in providing the link between ICT implementation, curriculum reform, teacher professional development and leadership development at system-level. School leadership should have a genuine understanding of the ecology and dynamics of different education initiatives and reforms, which is pivotal to the success of ICT integration. While established views of e-leadership remain important, simply translating these into the new environments is not sufficient. Gurr (2004) argues that "communication, community building and establishing trust seem to be tasks that are more important for leaders in many of these environments" (p. 122). In particular, an "open communication" on the part of principals and teachers is also necessary for educational change to become meaningful and manageable in schools (McGrail 2005) . How do we develop principals and teachers to affect the changes of pedagogy and ICT use in schools? What strategies can we use to foster a multi-level collaboration in the implementation of ICT integration? The emergence of further empirical evidence is of course necessary.
